Plasmodial slime molds are adapted to a number of different ecosystems. Spores could be classified into three different ornamentation types: spiny, reticulate and smooth surfaces. We examined three different hydrophobic effects for these surface types. The surface energy was calculated for Metatrichia floriformis (reticulate) = 25.61 J, Fuligo septica var. candida (spiny) = 50.81 J, Ceratiomyxa fruticulosa (smooth) = 72.63 J and Licea parasitica (smooth) = 72.74 J. Spores with spines half-sink into the water surface. However, they float on the surface. Reticulate spores show super-hydrophobic effects and are refractive to the water surface. Spores without ornamentation sink after contact with water.
Introduction
Myxomycetes are common protoctista of natural habitats. There are two possible strategies to colonize a new habitat. We differentiate an active (via amoeba or plasmodia) and a passive (dispersal by spores and cysts) form of disperse. The life cycle can be described as a two generation model (Fig. 1 ). Firstly, it is possible to divide the cells into a haploid and a diploid stage. The relatively huge diploid plasmodium produces one or more fruiting bodies (sporocarps). Within these structures haploid spores are formed. According to the actual literature, within this phase meiotic divisions of the nucleolus take place. Four haploid pre-nucleoli are enclosed in one spore, three of these prenucleoli degenerate. At the end of the process haploid spores are produced (Fig.1a) . These are dispersed by wind. For spore germination, a humid environment is needed (Bruck 1907) . The swarm cells (myxamoebae in Fig. 1b ) divide via mitosis. There are different models for colonization of a new habitat. Locomotion is possible for amoebae or plasmodia (1c). Another model is zoochory of spores, amoebae and microcysts (1e) (Müller 2006) . Spores and cysts primarily disperse by wind for long distances (Stephenson et al. 2008 ). Autochory appears more effective for species with low spore diameter (Tesmer & Schnittler 2008) . Anyways a successful colonization needs humidity for germination of the spores/cysts. We examined the effect of water after the first contact of a spore. The spores of the myxomycetes can be distinguished in three different types: smooth, with spines, with a reticulate surface. The functions of these structures were unclear up to now. We examined 17 species belonging to these different spore types for difference in activity. 
Materials & Methods
Spores of morphologically different species were used (collection of T. Hoppe, Ernst-MoritzArndt University Greifswald, Germany). For SEM analysis, the spores were prepared as described in Hoppe & Kutschera (2010) . For deletion of surface proteins formic acid (20%) was added to the spores at different time (10/ 20/ 60 min). The acid was washed out using ddH 2 O and a hydrophobic effect was observed. The surface of 17 species was observed by SEM. The contact angle and dimensions of the spore surface were determined according to Kwon et al. (2009) (Figs. 2a, b) . For calculation of the hydrophobic effect spores of 17 species were photographed on the water surface. We calculated the characters of surface-structures according to Kwon et al. (2009) and determined the contact angle θ w r . The fraction area (W) is described as the relation of the roughened area to the projected area and θ i is the intrinsic contact angle. This area fraction could be described by W = 1 + 4C/ (a/ H). We also calculated the area fraction of liquid-solid C with the formula C = 1/ (b/ a + 1) 2 , wherein a is the diameter of the spine, b is the distance between two spines and H is the height of the spine.
The contact area (A') of the spore and water was calculated (Fig. 2c ) and with these results we determined the surface energy for Fuligo septica var. candida (spine), Metatrichia floriformis (reticulate), Ceratiomyxa fruticulosa and Licea parasitica (smooth type) according to Young (1805) and Noblin et al. (2009) .
Results
When the surface energy σS of the spore is low, then the surface is more hydrophobic. With a contact angle near to 0° to the surface, the structure is hydrophilic. A contact angle around 90° to the surface on the other hand, results in hydrophobic behavior. A contact angle of ca. 160° could be called super hydrophobic. The contact angles are 63° (± 10.9°) for reticulate spores and 116° (± 2.35°) for spiny spores ( After contact with water, reticulate spores showed a small contact area with the liquid medium. Spores with spiny surface seemed to be half sunk (Fig. 3) . After documentation of these phenomena, the contact angle (cos θw/r) was calculated. For spores with a reticulate surface, angles from 0.75° to 0.99° and for spores with a spiny surface, angles from 0.05° to 0.97° were computed (Tab. 1). Reticulate or spiny spores were treated with formic acid (20%). For all spore types we observed sinking under the water meniscus (Fig 4c, f, i) .
Discussion
We could show by comprehensive analyses of the spore surface that myxomycetes can be divided according to their spore surface into three major groups: smooth, reticulate and spiny surface. The calculated surface energy showed that the spores of the reticulate and spiny type do not sink into the water. A relation could be determined between the free surface energy σS of a solid structure, the interface energy σLS between the liquid phase and the spore located on it, the surface tension σL of the liquid and the contact angle θ i between both.
Whether this quality was an advantage for this group of myxomycetes is unknown. If they are adhered to water after the first contact, a removing and dispersal to another locality by air is not possible. However, the spores are still mobile enough to be able to disperse and only after a certain time can they sink into the medium to germinate. We detected other structures on the top of the spore-ornamentation (Hoppe & Kutschera 2011) . These structures can be removed or modified by formic acid (Fig. 4c, f, i ). This is accompanied by a loss of hydrophobicity. We hypothesize that these structures may be hydrophobines like those of fungi (Morris et al. 2010) . We suppose that the effect of the hydrophobicity is caused by two different attributes: spore ornamentation and hydrophobines. On one hand, the surface structure has no essential effect on the surface-energy and the intensity of the repulsion is an effect of the hydrophobines. On the other hand, these structures which exist on the surfaces of all spore-ornaments (reticulate and spiny) are directly involved in the effect.
In arid areas or locations with fast changing environment conditions, the hydrophobic effect could be necessary for spore distribution. In humid areas, spores with reticulate structure can be taken up in the atmosphere to colonize a more suitable habitat. We believe that myxomycetes with smooth spores represent a prototype of spore morphology. The other groups (reticulate and spiny) have presumably developed independent of each other. In most genera only one surface type appears, but there are also some exceptions. For example, most species of the genus Fuligo show spiny spores. However, the species F. cinerea shows a reticulate surface. The early independent development of the order Physarales seems to have favoured spores with spine surface. Spinestructures on the spore surface are also to be found in other orders (Echinosteliales, Liceales, Stemonitales and Trichiales). The number of the spores with reticulate surface is still high within these orders (Fig. 5) . Surface structures of biological materials are functional and myxomycetes have three different spore surfaces. We hypothesized different evolutionary strategies of myxomycetes are based on the adaptation to different forms of dispersal. There are more than 900 species of myxomycetes (Lado 2001) , but only few of them have been examined by SEM so far and further studies are needed.
